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ABSTRACT 

The  aerodynamic  properties  at  small  yaws  for  Mach  numbers  between 
0.3  and  3-0  of  the  30- nm  HEI,  T306  E10  shell  as  determined  by  spark 
range  firings  are  presented  and  discussed.  Particular  attention  is 
given  to  the  markedly  nonlinear  behavior  of  the  Magnus  moment  for  very 
small  yaws  and  to  the  reduction  In  size  of  the  nut&tlonal  y&v  damping 
rate  due  to  the  presence  of  the  arming  ball  rotor  in  the  fuze.  This 
report  supersedes  BRL  TH  896. 
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■  Prime  refers  to  differentiation  with  respect  to  distance. 
»  Dot  refers  to  differentiation  vith  respect  to  time 
RESULTS  OF  REF.  5 
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INTRODUCTION 

The  preparation  of  firing  tables  for  the  launching  of  jOnra  TJO 6 
LiC  shell  from  super  «'»iic  aircraft  re'quires  a  knowledge  of  the  bullet's 
Aerodynamic  behavior  at  supersonic  >oA.  *»>hsonie  speeds  for  forward  and 
rearward  fire.^  In  addition,  uall  turret  firii^B,  uni-or  certain  con¬ 
ditions,  lead  to  large  Initial  yaws.  Aerodynamic  measurements  for  thi* 
shell  at  lar^re  yaws  were  made  in  the  wind  tunnel,  and  Initial  yaws  of 
fifteen  degrees  were  cV.  -.‘inett  1*  the  Transonic  Range.  To  obtain  small 
yaw  data  at  supersonic  Mach  number,  firings  were  made  in  th*  Aerodynamics 
Range  and  measurements  were  made  in  the  wind  tunnel;  to  obtain  sonic  and 
subsonic  small  yaw  data,  the  Aerodynamics  Range  alone  was  used.  This  re¬ 
port  contains  the  results  of  the  firings  in  both  ranges  and  compares 
them  with  wind  tunnel  measurements.  These  data  supersede  Reference  2. 

EXPERIMENTAL  PROCEDURE 

Forty- three  rounds  were  fired  in  the  Aerodynamics  Range  from  a  tube 
with  a  twist  of  one  turn  ir  16.5  calibers  of  travel,  covering  a  range  of 
Mach  numbers  from  0.te>  to  2.k2.  Plate  1  is  a  shadowgraph  of  the  shell  at 
Mach  number  2.2;  and  Plate  2,  a  photograph  of  the  shell. 

Early  comparison  of  the  yaw  damping  moment  coefficient  with  that 
obtained  from  the  wind  tunnel  showed  disagreement.  It  was  conjectured 
that  the  presence  of  the  arming  ball  rotor  in  the  fuze  of  the  shell 
changed  the  damping  properties  of  the  shell  in  flight.  Seven  rounds 
with  the  arming  ball  rotor  removed  from  the  fuze  were  fired  in  the 
Aerodynamics  Range  at  Mach  numbers  1.8  and  2.1;  these  rounds  verified 
the  conjecture.  The  cavity  obtained  by  removing  the  arming  ball  rotor 
vas  Inert  loaded  to  preserve  the  inertial  properties  of  the  shell  In 
spite  of  this  precaution  there  was  a  slight  change  In  these  p.'opertles 
which  are  given  in  Plate  J.  Five  rounds  (two  with  the  arming  ball  rotor 
removed)  were  fired  in  the  Transonic  Range  from  a  gun  tube  which  was 
notched  at  the  muzzle  in  an  attempt  to  obtain  large  yaw. 

The  firing  of  such  a  small  projectile  in  the  Transonic  Range  pre¬ 
sented,  at  that  time,  a  problem  in  triggering  the  stations.  The  standard 
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(3) 

procedure  for  obtaining  shadowgraphs  in  the  Transonic  Range' was 
as  follows.  A  magnetic  charge  vas  put  on  the  shell.  Then,  as  the  shell 
p&ae*-!  through  solenoid  colls,  one  fcr  each  station,  the  spark  would  fire 
after  a  pre-set  time  delay. 

Because  the  firings  of  the  3C*nra  T306  shell  In  the  Transonic  hanye 
were  planned  as  very- large -yaw  firings,  the  expected  trajectories  >'. ■>>>;■. . 
only  have  been  accommodated  by  large  coils.  Ihe  required  di¬ 

ameter  for  theb  -1 1b  would  have  been  too  large,  relative  to  the  size 
of  the  shell;  f.  successful  station  triggering. 

The  solution  to  this  dilemma  was  to  use  printed  circuits  (Plate  4). 
The  printed  circuit  consisted  of  a  sheet  of  paper  upon  which  a  continuous, 
rectilinear  line  was  drawn  with  silver  paint,  'i'he  line  traversed  the 
width  of  the  paper,  returned  to  the  other  side  at  a  level  less  than  3/4" 
below  the  first  line,  and  continued  crossing  back  and  forth  across  the 
sheet  with  this  same  spacing.  The  shell,  being  3Ctam  (1.171")  In  di¬ 
ameter,  was  physically  unable  to  pierce  the  sheet  without  establishing 
contact  with  the  circuit.  This  breaking  of  the  circuit,  with  a  pre-set 
time  delay,  triggered  the  spark. 

Since  these  firings,  the  Transonic  Range  has  been  equipped  with 
photo-electric  cells  for  triggering  the  stations.  These  cells  worked 
successfully  with  large  yaw  firings  of  the  2Ch«n  T282E1  shell. 

Even  with  a  notched  barrel  the  largest  yaw  obtained  was  only  15 
degrees  at  the  muzzle,  and  this  damped  to  8  l/2  degrees  at  mid-range. 

EXPERIMENTAL  RESULTS 


1.  Drag 

The  K_  value  for  each  round  is  determined  by  means  of  a  cubic 
range 

polynomial  fit  to  time-distance  measurements.  Values  for  and  g 

are  obtained  by  plotting  XL  values  vs  mean  squared  yaw:0  5 

range 


*b  ■  V  ♦  V  ? 

range  0  & 
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The  accuracy  of  these  determinations  depende  not  only  on  the  accuracy  of 
the  drag  data,  which  are  knovn  to  be  very  good,  but  also  upon  the  spread 
of  vcvs  obtained.  Unfortunately,  the  rounds  fired  in  the  Aerodynamics 
Range  reached  average  yaw  levels  o*  :nly  three  degrees.  Since  ^  was 

(k)  5 

veil  determined  in  the  Wind  Tunnel  '  for  supersonic  Mach  nuahere,  those 

values  were  used  for  deterjinir  I  by  means  of  the  above  rale  t-?  or.  eh  ip. 

0 

The  larger  yav  rr-v'da  fired  i.»  tue  Transonic  Range  traversed  a  sufficient 
amount  of  printed  circuit  paper  vithin  the  timing  s tat lone  to  increase 
the  drag  of  the  shell  noticeably.  Otherwise,  those  rounds  would  have  pro¬ 
vided  the  necessary  yav  spread  for  a  good  determination  of  JC  and 
without  resorting  to  Wind  Tunnel  data. 

Sonic  and  subsonic  data  vere  reduced  to  aero  yav  by  standard  tech¬ 
niques.  Figure  1  is  a  plot  of  the  resulting  XL  vs  Mach  number.  Wind 

tunnel  values  fall  slightly  below  range  values.  It  should  be  noted  that 
the  wind  tunnel  tested  a  model  of  the  shell  whereas  range  firings  vere 
done  with  actual  production  rounds. 

A  Q  function  was  computed  for  rounds  in  the  region  1.4<M<2.5: 

Q  -  +  M2  K_  *  a  +  bM 

ao 

a  -  .8553  +  .0035  e.  d. 
b  *  .2649  +  .0019  a.  d. 

2.  Lift 


The  variation  of  the  lift  force  with  angle  of  attack  is  linear  up 

to  about  six  degrees.  Since  almost  all  the  firings  in  this  report  have 

yaw  levels  below  six  degrees,  JC.  -  1C  .  Only  one  rcund  (No.  2-3151) » 

^range  o  Q 

which  has  the  largest  root  mean  squared  yav  of  8  1/2°,  has  a  K_  sig- 

range 

(k\ 

nificantly  greater  than  .  From  wind  tunnel  measurements'  '  X^2 

■  2.5  at  M  ■  2.  XL  for  Rd.  No.  2-3151*  when  handled  in  the  same 
range 

manner  set  forth  in  Reference  5  agrees  with  the  wind  tunnel  results. 
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K,  vs  M  is  given  in  Figure  2.  The  rising  said  dipping  of  the 

•  curve  which  occur  through  the  transonic  region  was  substantiated  by 

u  is  ins  a  reaction  which  allows  K.  to  vary  with  Mach  number^. 

^r&nge 

Computed  slopes  are  shown  in  (•’Jtrire  2  as  short  lines,  and  the 

dashed  curve  represents  the  trend  through  this  region. 

Assuming  1C  constant  with  Mach  number  in  the  region  l.ltc. M  <2.*, 

X0 

K.  na»  a  standard  device.!  of  ~> - yf>  aDout  a  value  of  .924.  Wind  tunnel 
T‘0 

measurements  show  slightly  higher  values  for  K.  than  those  oVtf  inod  in 

xi o 

the  range. 

3.  Overturning  moment  and  center  of  pressure  of  normal  force 

The  removal  of  the  arming  hall  rotor  from  the  fuze  resulted  in  a 

rearward  shift  of  the  center  of  mass  of  .074  caliber.  The  K„  values 

"range 

plotted  in  Figure  3  have  been  corrected  to  the  e.m.  position  of  the  shell 
with  the  arming  ball  rotor  in  the  fuze.  For  these  firings,  because  of 
the  linearity  of  the  overturning  moment  with  angle  of  yaw  in  the  yaw  region 
1'iini'^rnwl .  If  «  V  *P>i**  vlril  ■ftvr  if  fall  slightly 


concerned,  K.  -  K.  .  The  wind  tunnel  values'  •  for  K.  fall  slightly 
Mrange  u  "o 

below  those  of  the  range  at  higher  Mach  numbers.  The  center  of  pressure  of 

the  normal  force,  CPR,  is  plotted  v.i  Mach  number  in  Figure  4. 

B.  Dynamic  Properties 

Certain  aerodynamic  forces  and  moments  of  this  projectile  are  so 
strongly  nonlinear  vith  yaw  that  this  nonlinearity  cannot,  be  neglected. 

In  Reference  (5)  there  have  been  derived  the  necessary  yaw  parameters 
against  which  the  measured  aerodynamic  coefficients  should  graph  linearly. 
For  cubic  variations  with  yaw  of  the  Magnus  moment  and  yaw  draping  moment 
the  following  equations  arise: 


(1)  (Kj-W 


■  VK  +  V* 

K  -*2 

***  pl*41r_ .  si  . 

'  h2-  png  r°  *  "*J  v 
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(2)  Sp 


range 


iO  V 


2  oj'2  „  2  flt’2  „  2 

kl  *1  *10  *  ?2  *20 

T*  " — 75 — 75 - 

*2  L  *1  ‘  h 


where  tae  starred  — ms  are  defined  by: 


2  *  *^2  "  KMA&2  +  5  KMA(; 


KT  2  “  <?  •  1  *T  ‘ 

V  6^  c  i0 

1 .  Magnus  moment 

It  is  knovn  that  the  Magnur  moment  of  a  pure  cylinder  shows  mild 

(7} 

nonlinearity  vith  yaw  '  ' .  This  nonlinearity,  though  relatively  stronger 
than  that  observed  in  other  aerodynamic  moments,  is  almost  negligible  for 
yaws  up  to  five  degrees.  Therefore,  when  strong  nonlinearity  is  evidenced 
for  a  conventional  shell  for  yaws  less  than  five  degrees,  ballistioie.ns 

are  bound  to  express  concern.  Duel,  is  c Ltuation  with  the  ^Oa.t  27K>6 

E10  shell  (Ref.  8)  .** 

To  handle  the  Magnus  data  of  the  rounds,  it  was  assumed  that  the  last 
term  of  Eq.  (2)  was  negligible: 

(*0  Kn  -  K_  +K_*  6  2 

Trange  T0  Tft  e 

2 

A  least  squares  fit  for  rounds  where  ft  < .0042  resulted  in 

c 

KL  -  .047  +  .010  s.d. 

l0 

kJ2“KT2“"56±4  8*d* 

6  .  5 

The  very  few  larger  yaw  firings  would  provide  radically  different 
values  indicating  either  higher  order  effects  or  a  non-polynomial  variation 
of  Kl.  with  6. 


Investigations  are  being  conducted  in  the  wind  tunnel  and  in  the  Aero¬ 
dynamics  Range  to  determine  the  causes  of  the  strong  nonlinearity,  such 
as  rotating  band  effect,  variation  of  transition  point,  or  particular 
shape  of  the  base  of  this  shell. 
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In  Reference  5>  U.  H.  Murphy  suggests  that  vhen  an  aerodynamic 

moment  requires  more  than  a  simple  cubic  to  describe  its  functional 

relationship  vith  6,  the  range  data  be  divided  into  two  (or  more)  yav 

groura.  A  least  aqua.-es  vU  for  a  particular  group  vill  provide 

K_  and  KL  9  for  that  portion  of  the  i..onsot  vs.  b  curve  er>rre  pending 
T0  6 

to  the  yav  interval  of  that  group. **  To  compare  the  range  data  viv,h 


wind  tunnel  measurements,  kp  vs.  a  can  be  computed  via  deficit  to;:; 

‘  V V  5?;  8 

(5)  U  2 

-  sin  a  . 

In  Figure  5  the  range  determination  of  vs  a  for  a  between  aero  and 
three  degrees  is  compared  with  wind  tunnel  measurements. 


Where  the  firings  are  too  few  to  determine  K_  and  KL  „  for  use  in 

T0 

Eq.  (5)»  such  as  the  case  of  the  four  larger  yav  rounds  in  this  report. 


a  somewhat  different  treatment  can  be  made  for  comparison  vith  wind 

tunnel  measurements.  In  range  firings  k,^  would  be  constant  for  circular 

yawing  motion.  The  concept  of  effective  squared  yaw  essentially  implies 

that  only  one  KL  Is  associated  vith  that  class  of  angular  motions 
2  range 

for  which  6  is  the  same.  Thus,  KL  can  be  associated  with  a  circular 

We. 

yawing  motion  with  amplitude  arc  sin  yb^  . 


•*.  (6)  k_  -  KL  5  -  (K_  +  KL  2  b2)  b 

range  range  0  5 


In  Reference  9»  C.  H.  Murphy  further  presents  a  means  of  handling  non¬ 
polynomial  nonlinearities,  such  as  kp  vs  a  in  Figure  5.  However,  more 

data  than  those  now  available  would  be  needed  to  apply  this  technique 
to  the  30mm  T306  shell. 
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where  6  -  . 

Using  the  win!  tunnel  determination  of  K^,  ,  a  (k^,,  a)  value  can  be  com¬ 
puted  l’e»  «.cb  of  the  four  larger  yaw  rounds  by  means  of  Eq.  (?)  •  (in 
this  case  however,  the  tem  of  Eq.  (7)  v&n  negligible,  i.e., 

k^,  «  KL  &.)  These  four  points  are  also  plotted  in  Figure  Con- 
grange 

Bidering  the  highly  nonlinear  nature  of  k^  with  o,  the  agreement  between 
the  two  measures,  h  facilities  is  very  encouraging. 

At  the  risk  of  being  redundant,  Figure  6  is  presented  to  uhov  how 

wind  tunnel  measurements,  when  transformed  into  K^,  vs  B  ,  compare  with 

range  data.  Various  portions  of  the  wind  tunnel  curve  of  Figure  5  were 

2 

approximated  by  cubic s,  resulting  in  the  vs  B  curves  of  Figure  6. 

It  is  evident  that  extrapolations  of  such  curves  are  not  always  valid. 

KL  (i.e.,  1C,  at  a  -  0)  vs.  M  is  plotted  in  Figure  7. 

0  1 

2.  Damping  moment 


Early  comparison  between  the  wind  tunnel's  (K^  -  )  and  the 

Aerodynamics  Range's  (K_  -  1C.. )  Bhowed  serious  disagreement.  It 

range 

was  felt  that  the  presence  of  the  arming  ball,  rotor  in  the  fuze  radically 

changed  the  damping  properties  of  the  shell  in  flight,  and,  hence,  the 

computed  (K^  -  Kj^)  was  an  adulterated  term.  To  test  this  hypothesis, 

range 

firings  with  the  arming  ball  rotor  removed  were  conducted  in  both  ranges. 
The  presence  of  the  ball  reduces  the  moment  and  the  data  shows  much 
greater  scatter.  The  scatter  probably  arises  from  individual  idiosyncra¬ 
sies  of  ball-shell  interaction  of  each  round.  These  phenomena  increase 
with  increasing  Mach  number. 

\ 

Although  the  major  discrepancy  between  the  original  range  data  and 
wind  tunnel  data  can  be  attributed  to  the  arming  ball  rotor,  wind  tunnel 
data  still  do  not  completely  agree  with  range  data  obtained  from  the 
firings  with  the  arming  ball  rotor  removed.  Figure  8  is  a  plot  of 
(Kg  -  Kj^)  vs.  M  and  includes  both  range  and  wind  tunnel  data.  The 
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"without -ball"  firings  at  M  «  1.8  agree  with  wind  tunnel  data;  those  at 
M  -  2.1  are  considerably  larger  than  wind  tunnel  data.  The  M  -  2.1  firings, 
however,  have  '*vr,.»r  > n  than  the  M  ■  1.8  firings.  It  could  be  conjectured 
that  the  damping  moment  may  be  highly  n  .u. incar  with  yaw  around  M  »  2.0. 

(The  observed  Magnus  nonlinearity.,  1^,  g,  does  not  account  iov  the  difference 

since  K10  -  Kg^  (Eq.  l)).  To  bring  the  two  measuring  facilities  into, 
agreement  would  require  (K_  -  -  f  '  to  to  of  the  order  of  400;  but  wind 

V  ,lV 

tunnel  measurements  show  a  value  of  -8  for  ( V  •  *MV>  “  "  “  2-°- 

Since  the  Air  Force  has  abandoned  this  shell,  it  is  felt  that  additional 
range  firings  to  clarify  this  discrepancy  should  not  be  made.  Such  non¬ 
linearity  investigations  are  being  conducted  on  better  experimental  con¬ 
figurations  and  also  on  standard  shell  still  in  use. 

3.  Yaw  Damping  Rates  and  the  Arming  Ball  Rotor  Effect 

Processional 

The  precessional  yaw  damping  rate,  Xg,  primarily  reflects  the  behavior 
of  Up.  Consequently,  Xg  data  are  handled  in  the  same  manner  aa  were 

2 

K_  lata.  Xg  vs  »eg  for  the  region  1.2<M<2.5  is  plotted  in  Figure  9. 

1 range 

Based  on  Figure  9,  Xg  vs.  M  at  zero  yaw  is  plotted  in  Figure  10. 

Wutatlonal 

Extensive  investigations  made  (and  still  being  made)  into  the  dynamic* 
effects  of  the  arming  ball  rotor  on  the  flight  of  the  20mm  HEI,  T282E1  shell 
showed  that  the  nutational  yaw  damping  rate,  X, ,  is  decreased  in  proportion 
to  the  frequency  0^  provided  that  the  angular  velocity  of  the  shell,  to, 
is  large  enough  to  arm  the  fuze: 

where  m  is  fixed  by  the  muzzle  velocity  and  gun  twist  and  where  only  a 
varies  with  the  density  of  air.  For  the  30nra  T306  E10  shell,  57,000  rpm 
are  required  to  arm  the  fuze.  Since  the  firings  in  this  program  were  made 
from  a  gun  with  a  twist  of  1:16.5,  those  rounds  above  M  -  1.4  are  the  only 


Excluding  the  effect  produced  by  the  inherent  change  in  the  physical 
properties . 
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ones  believed  to  have  armed  the  fuze  and,  hence,  produce  a  decrease  in 
(Fig,  11).  If  the  shell  vere  still  to  be  used  from  high  speed  air¬ 
craft  fjying  at  altitudes  between  50  and  60  thousand  feet,  standard 
firing  conditions  '.run  !'  let  of  1:25  and  muzzle  velocity  of  2700  fps) 
would  produce  nutational  frequencies  be^v  32,400  and  12,800  rpra. 

In  the  firings  of  this  report  (1:10.5  twiBt),  such  nutational  frccuenrles 
were  produced  at  M  -  1.6.  Thus,  the  ball  effect  for  the  anticipated 
firing  conditions  would  be  a  reduction  in  X.  measurement!*  ‘ c  :  determined 
by  the  aerodynamic  forces  woaonts  alone,  i.e.,  "without-ball" )  of 
about  0.0025  (ft)"x  regardless  of  the  speed  of  the  aircraft. 

Since  the  discrepancies  in  the  damping  moment  date  from  the  wind 
tunnel  and  from  the  "without-ball"  firings  cannot  at  present,  be  resolved, 
a  search  into  the  ball  effect  on  X^  of  the  data  in  this  report  appears 
futile.  Should  this  projectile  again  be  considered  for  Air  Force  use, 
then  further  firings  could  be  made  to  resolve  the  discrepancies  and  to 
investigate  the  ball  effect.  It  is  hoped  that  the  thorough  investigation 
being  conducted  on  the  ball  effect  of  the  flight  of  the  20rara  T282E1  shell 
would  be  completed  by  that  time  and  that  those  results  would  facilitate 
any  further  3Ctam  T306  E10  investigation. 

4.  Stability 

The  shell  ia  dynamically  unstable  below  a  Mach  number  one.  Moreover, 
this  instability  cannot  be  overcome  by  resorting  to  higher  spin^®'. 
However,  it  has  been  observed  that  for  the  105mm  Ml  shell ^ U  ^ ,  for  example, 
there  exists  a  "trim"*  angle  of  yaw  such  that  the  shell  is  dynamically 
stable  at  yaws  above  "trim".  Such  a  trim  angle  may  exist  for  the  30mm  T306 
E10  shell  in  subsonic  flight.  The  rounds  in  this  report  presumably  have 
average  yawing  levels  below  "trim"  and,  consequently,  have  dynamic  insta¬ 
bility. 

£~j~  -r  0 

EUGENE  T.  R DECKER  EUGENE  D.  BOYER 


The  word  "trim"  1b  borrowed  from  the  field  of  aeronautics  to  designate 
a  limit  cycle  yawing  motion. 
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Appendix 

The 


APPENDICES 


A  Tables  of  Data 


aerodynamic  data  fov  e»'V>  round  io  given  in  the  following  tables: 


Table 

I: 

Aerodynamic  Range  Firings  with  Arming  Pall  Rotor . 

M  -  .46  to  M  -  1.72. 

Table 

II: 

Aerodynamic  Pr-n*?  witu  Arming  Ball  Rotor, 

M  »  1-76  cu  M  -  2.42 

Table 

III: 

Transonic  Range  Firings  with  Arming  Ball  Rjtor,. 

M  -  2 

Table 

IV: 

Aerodynamic  Range  Firings  without  Arming  Ball  Rotor, 
M  -  1.77  to  M  -  2.18 

Table 

V: 

Transonic  Range  Firings  without  Arming  Dali  Rotor, 

M  -  2 
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Subscript  r  refers  to  coefficients  as  measured  In  the  range,  on  the  basis  of  Xinearlzed  theory. 
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The  gyroscopic  stability  factor  has  teen  converted  from  the  1-16.5  tvisi  of  the  filings  to  the 
standard  1-25  tvist . 
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•The  gyroscopic  stability  factor  has  been  converted  fro*  the  1-16.5  gun  twist  of  the  * 
standard  1-25  twist. 
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Plat  e  1? 

Plate  2: 
Plate  3: 
Plate  4: 


APTifiNDDC  B 
PLATES 

Shndovgraph  of  t-«.  Air  ^lov  Over  the  Shell  at  Mach  ITumber  2.2 
Pact ''graph  of  the  pO-mm  T30t  KIO 

Sketch  of  the  shell  and  a  list  of  its  physical,  measurement.* 

Microfir.  "t  oi  thfi  ahull  ufltr  penetrating  a  printed  circuit 
in  the  Transonic  Range 
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Plate  1: 


Shadowgraph  of  Shell  M  *  2.2 
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'50  MM  HEI  SHELL,  T306EI0 


I  AERODYNAMICS  RANGE  SHELL 

nmmm 

—  i  i  ii  mi  1 1  mm 

CM 

15641ft-  1.336  Cal. 

CM 

1478  In.  -  1.262  Cal. 

VYX 

252.5  Gram* 

WT. 

235.1  Grams 

n 

49.18  Gram-lnchas* 

A 

47.26Grom-lnchss* 

mm 

2483  Gram-inchss4 

B 

2293  Grom- Inch#*4 

P 

TRANSONIC 

RANGE  SHEUL 

T263  FUZE 

L_J 

ODIFIED  T  263  FUZE 

EH 

1.560 In. -1.332  CAL. 

m 

L002  In.-  1.283  CAL. 

03 

254.7  Grams 

CB 

236X)  Grams 

n 

48.31  Gram-lnchas4 

WM 

47.76  Gram-lnahss* 

n 

wm 

PLATE  3 
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APPENDIX  C 

Extension  of  Data  to  Mach  Number  *>.2. 

To  obtain  aerodjuniii^c  at  h«~her  Mach  numbers  than  those  presented 
In  the  main  body  of  the  report.  It  was  necessary  to  modify  the  standard 
30-Bim  gun,  with  which  only  Mach  numbers  as  large  as  2.4  were  achieve 
gun  was  modified  by  screwing  a  *7 -mm  chamber  to  the  b'iccch.  and  adding  a  two- 
foot  length  of  smoctVWe  X>-'w  tube  to  the  muzzle.  These  modifications 
Increased  the  capabilities  of  the  gun  to  a  Mach  number  of  3  2. 

Since  tho  main  body  of  this  report  was  already  written  and  the  data 
analyzed,,  particularly  the  nonlinear  Magnus  moment,  the  data  from  the  ad¬ 
ditional  firings  at  M  ■  3.2  are  presented  here  in  appendix  form.  The  data 
for  five  30-mra  T306  E10  rounds  and  for  four  rounds  without  the  arming  ball 
rotor  in  the  fuze  are  given.  For  the  most  part  these  rounds  have  very  small 
yaws  and  their  data  were  considered  to  be  too  sketchy  to  give  additional 
Information  on  the  dynamic  problems  discussed  in  the  report. 

Tables  VI  and  VII  list  the  aerodynamic  data.  Figure  12  consists  of 
plots  of  the  pertinent  Figures  (variation  with  Mach  number  only)  from  the 
main  body  of  the  report  with  the  curves  extended  to  M  ■  3.2.  The  only 
points  plotted  In  Figure  12  are  those  obtained  from  the  additional  firings. 

and  are  not  plotted  since  the  highly  nonlinear  Magnus  moment  as 
evaluated  In  the  main  body  of  the  report  may  not  be  applicable  at  M  >  3. 
(Wind  Tunnel  measurements  for  Magnus  do  not  go  beyond  M  ■  2.47.) 
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